It is notoriously difficult to localize short γ-ray bursts (sGRBs) and their hosts to measure their redshifts. These measurements, however, are critical to constrain the nature of sGRB progenitors, their redshift distribution and the r-process element enrichment history of the universe. Here, we present spectroscopy of the host galaxy of GRB 111117A and measure its redshift to be z = 2.211. This makes GRB 111117A the most distant high-confidence short duration GRB detected to date. Our spectroscopic redshift supersedes a lower, previously estimated photometric redshift value for this burst. We use the spectroscopic redshift, as well as new imaging data to constrain the nature of the host galaxy and the physical parameters of the GRB. The rest-frame X-ray derived hydrogen column density, for example, is the highest compared to a complete sample of sGRBs and seems to follow the evolution with redshift as traced by the hosts of long GRBs (lGRBs). The host lies in the brighter end of the expected sGRB host brightness distribution at z = 2.211, and is actively forming stars. Using the host as a benchmark for redshift determination, we find that between 43 and 71 per cent of all sGRB redshifts should be missed due to host faintness for hosts at z ∼ 2. The high redshift of GRB 111117A is evidence against a lognormal delay-time model for sGRBs through the predicted redshift distribution of sGRBs, which is very sensitive to high-z sGRBs. From the age of the universe at the time of GRB explosion, an initial neutron star (NS) separation of a 0 < 3.2 R is required in the case where the progenitor system is a circular pair of inspiralling NSs. This constraint excludes some of the longest sGRB formation channels for this burst.
Introduction
There is mounting evidence that short-duration γ-ray bursts come from the merger of NSs, either with another NS, or a black hole, due to their apparent association with kilonovae (Barnes & Kasen 2013 , Yang et al. 2015 Article number, page 1 of 8 arXiv:1707.01452v1 [astro-ph.HE] 3 Jul 2017 A&A proofs: manuscript no. GRB111117A 2016, Rosswog et al. 2017) . The absence of associated supernovae in deep searches (e.g. Hjorth et al. 2005a , Fox et al. 2005 , Hjorth et al. 2005b , Kann et al. 2011 ) supports this idea and distinguishes the physical origin of sGRBs from their long-duration counterparts, (albeit see also Fynbo et al. 2006 , Della Valle et al. 2006 , Gal-Yam et al. 2006 .
The classification of GRBs in two groups, initially comes from the bimodal distribution of burst duration and spectral hardness (Kouveliotou et al. 1993) , where the duration T 90 < 2 has been regarded as the dividing line between long and short GRBs. Additionally, it has been found for lGRBs that there is a spectral lag in the arrival-time of photons, with the most energetic ones arriving first. This lag is consistent with zero for sGRBs (Norris & Bonnell 2006) . Because both populations have continuous, overlapping distributions in their observables and because telescopes observe in differing bands, it is difficult to impose a single demarcation criterion between the two classes. For this reason, the distinction between long and short GRBs is preferably based on a combination of high-energy properties (Zhang et al. 2009 , Bromberg et al. 2012 .
The Swift satellite (Gehrels et al. 2004 ) greatly improved the understanding of sGRB progenitors thanks to its quick localization capability. The bulk of these localizations have associated galaxies at relatively low redshifts with a median redshift of z ∼ 0.5 (Berger 2014) , and because most of these measurements come from the associated hosts, it is arguably biased towards lower redshifts. The host galaxies of sGRBs are diverse. They are more massive and less actively star-forming on average than lGRB hosts , while in some cases, no host galaxy can be identified above detection threshold of deep follow-up observations (Berger 2010 , Tunnicliffe et al. 2014 . Together with their position within their hosts , this suggests a progenitor system that can be very long lived in comparison to lGRBs, and is tracing with host stellar mass rather than star-formation rate (SFR).
The electromagnetic signals from sGRBs are a promising channel to accurately localize NS mergers, which holds the promise for a detection of an associated gravitational wave (GW) signal (Ghirlanda et al. 2016) . The simultaneous detection of a sGRB and a GW will provide new promising ways to constrain the binary inclination angle (Arun et al. 2014 ) and measure cosmological distances (Nissanke et al. 2010) .
The total lifetimes of NS binaries depends on their orbit, mass, spin, initial separations and subsequent inspiral times. The delay time from formation to explosion impacts the timing and distribution of the enrichment of the ISM with heavy rprocess elements (van de Voort et al. 2014 , Wallner et al. 2015 , Ji et al. 2016 . Some limits can be calculated using host galaxy star-formation history models and spatial distribution of sGRBs within their hosts (Berger 2014) . The most distant cosmological bursts, however, offer direct, hard limits on the coalescence time scales.
We here present a spectrum of the host galaxy of the short GRB 111117A (T 90 = 0.46 s) and measure its redshift to be z = 2.211. This value is significantly higher than the previously estimated redshift based on photometric studies (Margutti et al. 2012 , Sakamoto et al. 2013 ). We present the GRB's rest frame properties based on this new distance compared to previous analyses and revisit the host properties derived from the new solution to the spectral energy distribution (SED) fit. While no optical afterglow was detected, the excellent localization from a detection of the X-ray afterglow by the Chandra X-ray Observatory allows us to discuss the positioning and environmental properties of this remarkably distant sGRB. We use the ΛCDM cosmology param- eters provided by Planck Collaboration et al. (2016) in which the universe is flat with H 0 = 67.7 km s −1 and Ω m = 0.307. All magnitudes are given in the AB system.
Observations and results

Spectroscopic observations and analysis
Spectroscopic observations were carried out using the crossdispersed echelle spectrograph, VLT/X-shooter (Vernet et al. 2011) , at four seperate epochs. The burst was observed 38 hours after the Burst Alert Telescope (BAT) trigger under ESO programme 088.A-0051 (PI: Fynbo) and again later under ESO programme 091.D-0904 (PI: Hjorth). Observations use a simple ABBA nodding pattern, using 5 arcsec nod throws. X-shooter covers the wavelength range from 3000 Å to 24 800 Å (21 000 Å when the K-band blocking filter is used) across three spectroscopic arms. We carried out the bias-correction, flat-fielding, order tracing, wavelength calibration, rectification, and flux calibration using the VLT/Xshooter pipeline version 2.8.4 (Goldoni et al. 2006 , Modigliani et al. 2010 Fig. 3 . SED fit showning the best-fist SED to the derived photometry. The detection of Lyα is predicted from the SED fit and confirmed by the spectroscopic observations. Overplotted in grey is the observed spectrum, binned down to 3 Å per pixel for presentation purposes. Slit losses are responsible for discrepancies between the measured photometry and the X-shooter spectrum. The reason for the spectral gaps at 5500 Å and 10000 Å is from the merging of the arms. ders are curved across each detector, a rectification algorithm is employed which introduces correlations between neighboring pixels. We select a pixel-scale of 0.2/0.2/0.6 Å/pix for the UVB/VIS/NIR arm to minimize the degree of correlation while conserving the maximal resolution. The observations are combined and extracted using scripts described in Selsing et al. 2017 (in prep.) and available online 1 , where the full spectral point spread function is modeled across each arm and used for the optimal extraction algorithm (Horne 1986 ). An overview of the spectroscopic observations is given in Table 1 , and the slit position is shown in Fig. 1 . We show the extracted spectrum in Fig. 3 .
We determine a redshift of z = 2.211 from the simultaneous detection of emission lines belonging to Lyα, [O ii]λ3727, Hβ, [O iii]λ5007, and Hα. Hβ is detected at low significance (∼ 3σ). We show [O iii]λ5007 in the insert in Fig. 2 . Hα is only visible in the first epoch due to the K-band blocking filter used for the remaining observations. The nebular lines exhibit a spatial extent of ∼ 1. 5 and show significant velocity structure along the slit. A drop in the continuum bluewards of the Lyα line further supports the inferred redshift.
Using the luminosity of Hα, we can infer the star-formation rate (SFR) of the host (Kennicutt 1998) . At the redshift of the GRB host, Hα is observed at 21 000 Å where the night sky is very bright. In addition, several bright sky-lines are superposed on the line, making an accurate estimate of the Hα-flux difficult. We obtain a limit on the SFR by numerically integrating the part of Hα free of contamination and correcting for the missing flux using the line profile and obtain F Hα > 4.1 × 10 −17 ergs −1 cm −2 . After converting the Kennicutt (1998) (Noll et al. 2012 , Jones et al. 2013 have been masked and interpolated over. From the integrated Hα-line, we estimate SFR = 18 ± 3 M yr −1 . From the SED-fit (Sect. 2.2), and the detection of Lyα, the host is constrained to contain very little or no dust, although the presence of Lya does not exclude dust. Therefore we do not apply a dust-correction to the measured Hα flux here. [O ii] is close to a region of strong telluric absorption, which is why no SFR is inferred from this line.
The total extent of the lines in velocity space is ∼ 450 km/s. The line profiles shows an asymmetric "double-horned" profile, indicating that we are seeing a galaxy with a large degree of coherent rotational motion relative to the line-of-sight. If we assume that we are viewing a spiral galaxy edge-on, this is a measure of the rotational velocity of the gas. If we assume that the spectral resolution and the turbulent width of the lines are negligible compared to the rotational velocity, we can, based on the projected size of the source and the width of the lines, put a constraint on the dynamical mass of the galaxy (de Blok & Walter 2014) . Based on the physical size along the slit and the velocity width of [O iii]λ5007, we infer M dyn 10 10.8 M . Because we are viewing the host inclined at an angle relative to edge-on and because the slit is not aligned along the long axis of the host, this value is a lower limit.
Imaging observations and SED analysis
In addition to the spectroscopy presented above, we imaged the field of GRB 111117A in multiple broad-band filters using the VLT equipped with FORS2 (gRIz filters) and HAWK-I (JHK s Table 1 . Overview of the spectroscopic observations. JH in the slit width refers to observations where a K-band blocking filter has been used. The seeing is determined from the width of the spectral trace of a telluric standard star, taken close in time to the host observation. The spectral resolution, R, is measured from unresolved telluric absorption lines in the spectrum of the telluric standard star.
Obs. Date
Exposure time (s) Slit width Airmass Seeing R UVB VIS NIR (arcsec) (arcsec) VIS/NIR 2011-11-19T01:33 2 × 2400 2 × 2400 8 × 600
1.0/1.0/0.9 1.49 0.75 11600/6700 2013-07-15T09:02 2 × 1200 2 × 1200 8 × 300 1.0/1.0/0.9JH 1.53 0.98 9600/8900 2013-08-03T07:37 2 × 1200 2 × 1200 8 × 300 1.0/1.0/0.9JH 1.55 0.85 11400/11300 2013-08-03T08:34 2 × 1200 2 × 1200 8 × 300 1.0/1.0/0.9JH 1.49 0.85 11400/11300 filters), long after the burst faded. These new data are complemented by a re-analysis of some of the imaging used in Margutti et al. (2012) and Sakamoto et al. (2013) that are available to us (GTC gri-band, TNG R-band, and Gemini z-band). A log of the photometric observations and measured brightnesses is given in Table 2 . Due to the optical darkness of this burst, see Sect. 2.3, there is likely no afterglow contamination on the measured photometry. All data were reduced, analyzed and fitted in a similar manner as described in detail in Krühler et al. (2011) and, more recently, in Schulze et al. (2016) . Briefly, we use our own Python and IRAF routines to perform a standard reduction which includes bias/flat-field correction, de-fringing (if necessary), skysubtraction, and stacking of individual images. The photometry of the host was calibrated relative to field stars from the SDSS and 2MASS catalogs in the case of grizJHK s filters. For the R and I-band photometry, we used the color transformations of Lupton 2 . We convert all magnitudes into the AB system, and correct for a Galactic foreground of E B−V = 0.027 mag (Schlegel et al. 1998 , Schlafly & Finkbeiner 2011 .
The multi-color SED is fit using the Bruzual & Charlot (2003) single stellar population models based on a Chabrier (2003) with initial mass function in LePhare (Ilbert et al. 2006) , where the redshift is fixed to the spectroscopic value of z = 2.211. The best fit model is an unreddened galaxy template, and returns physical parameters of absolute magnitude (M B = −22.0 ± 0.1 mag), stellar mass (log(M /M ) = 9.9 ± 0.2), stellar population age (τ = 0.5 +0.5 −0.3 Gyr) and star-formation rate (S FR SED = 11 +9 −4 M yr −1 ). We show the SED fit in Fig. 3 . Noteworthy is the discrepancy of our new VLT/FORS2 photometry and the re-analysis of the Gemini data to the z-band measurements of Margutti et al. (2012) and Sakamoto et al. (2013) . Both of these authors report z-band photometry that is brighter by 0.8 mag to 1.0 mag compared to our value, where data taken in bluer filters are in excellent agreement. The large i − z color was mistakenly interpreted as a 4000 Å break driving the galaxy photometric redshift of the earlier works. Using the revised photometry from Table 2 , the photometric redshift of the galaxy is z phot = 2.04
−0.21 , consistent with the spectroscopic value at the 1 σ confidence level.
X-ray temporal and spectral analysis
We retrieved the automated data products provided by the Swift-XRT GRB repository 3 (Evans et al. 2009 ). The X-ray afterglow light curve can be fit with a single power-law decay with an index α = 1.27 +0.12 −0.10 . We performed a time-integrated spectral analysis using data obtained in photon counting (PC) mode in the widest time epoch where the 0.3−1.5 keV to 1.5−10 keV hardness ratio is constant (namely, from t − T 0 = 205 s to t − T 0 = 203.5 ks, for a total of 29.1 ks of data) to prevent spectral changes that can affect the X-ray column density determination (Kopač et al. 2012) . The obtained spectrum is well described by an absorbed powerlaw model and the best-fit spectral parameters are a photon index of 2.1 ± 0.4 and an intrinsic equivalent hydrogen column density N H of 2.4 +2.4 −1.6 × 10 22 cm −2 (z = 2.211), assuming a solar abundance and a Galactic N H in the burst direction of 4.1 × 10 20 cm −2 .
A measure of the optical-to-X-ray flux ratio is parametrized in terms of the "darkness"-parameter β OX (Jakobsson et al. 2004) . Using the optical afterglow limits , the X-ray lightcurve can be interpolated and evaluated at the time of the non-detection. We find β OX < 0.79, consistent with what was reported in Sakamoto et al. (2013) .
Reinterpretation of the restframe properties
Because the projected distance does not change significantly between z = 1.3 and z = 2.211, all conclusions of Margutti et al. (2012) and Sakamoto et al. (2013) relating to host offset are unaffected.
Classification
As pointed out by Margutti et al. (2012) and Sakamoto et al. (2013) , GRB 111117A is securely classified as a sGRB. Because the observed classification indicators, T 90 and hardness ratio, do not depend strongly on redshift (Littlejohns et al. 2013) , the updated redshift does not change this designation. The intrinsic spectral lag shortens, but since it is already consistent with zero, this does not affect the classification.
The intrinsic luminosity is shown in the X-ray light curve (Fig. 4) and it is sub-luminous compared to the majority of long GRBs. The inset in Fig. 4 shows the luminosity distribution at 10 ks. The sub-samples comprise of 333 long, 19 short GRBs, and GRB 111117A. The mean and the 1-σ dispersions of the samples are L lGRB = 46.59 ± 0.87 and L sGRB = 44.96 ± 0.94. GRB 111117A had a luminosity of 44.95 at 10 ks which is very close to the peak of the sGRB luminosity distribution at 10 ks, but an outlier from the lGRG distribution, further supporting the short classification. Bromberg et al. (2013) investigated the degree to which the long and short population distributions overlap and quantified the certainty in class membership. According to Bromberg et al. (2013) , GRB 111117A has 96 The redshift and secure classification of GRB 111117A mean that it occurred when the universe was younger by 1.8 Gyr compared to any other non-collapsar GRB ever detected. This number is 3.2 Gyr for the next-highest spectroscopic redshift. If the merger of NSs is the primary agent for the r-process element enrichment of the universe (Goriely et al. 2011 , Ji et al. 2016 , Komiya & Shigeyama 2016 , this marks the earliest detection of this process.
Restframe N H
We show the recalculated N H in Fig. 5 where we compare with the distributions of complete samples of both long and short GRBs. The lGRB sample is from Arcodia et al. (2016) and the sGRB sample is from D'Avanzo et al. (2014) . From the sGRB sample of D'Avanzo et al. (2014) we have excluded GRB 090426 which does likely not belong in a short sample as highlighted in Sect. 3.1. Both comparison samples consider the largest temporal interval of constant hardness ratio to prevent spectral changes that can affect the X-ray derived column density. The 17 (5) of the 99 (15) long (short) GRBs which do not have redshift have been excluded from our analysis.
GRB 111117A occupies a unique position in Fig. 5 with the highest N H and highest redshift of all sGRBs. The short sample, excluding GRB 111117A, is located at low redshifts (z < 1) and is found to populate a column density environment similar to that of lGRBs at comparable redshifts (D'Avanzo et al. 2014). The inferred hydrogen column density for GRB 111117A seems to follow the trend with increasing N H as a function of redshift as found for the lGRB afterglows (Campana et al. 2010 , Arcodia et al. 2016 . This is related to what is found by Kopač et al. (2012) , Margutti et al. (2013) (2014) . The thick green line is GRB 111117A. Despite the remarkably high redshift, the luminosity is comparable to the bulk of the short burst population and subluminous compared to the lGRB population.
to be comparable for long and short GRBs when compared at similar redshifts. The redshift evolution of N H in the hosts of lGRBs is not reproduced by Buchner et al. (2017) , using a different N H inference methodology. Instead a correlation between N H and host stellar mass is suggested. Assuming that the different N H -fitting methodologies yield comparable results, GRB 111117A is an outlier from the relation suggested by Buchner et al. (2017) by more than the intrinsic scatter, although some lGRB hosts populate a similar region in the N H -M relation. Additionally, for lGRBs, N H correlates with the surface luminosity at the explosion site (Lyman et al. 2017) . relative to the host center derived in Margutti et al. (2012) and Sakamoto et al. (2013) is difficult to reconcile with galaxy-scale gas providing the X-ray absorption. Along with the absence of dust, the large offset from the host center indicates that the high N H arises because the density in the GRB surrounding is high, or because the light from the afterglow traverses a region of dense gas. The optical darkness of the GRB is an additional hint of the high density in the GRB surroundings or along the line of sight.
Host galaxy
From the clear host association, GRB 111117A does not belong to the hostless class of GRBs (Berger 2010) and because the host exhibits emission lines this is indicative of a population of relatively young stars. As the majority of sGRBs , the host of GRB 111117A is therefore a late-type galaxy and is entirely consistent in terms of stellar mass and stellar age with the general population of sGRB hosts ( M * = 10 10.1 M and τ * = 0.3 Gyr) (Leibler & Berger 2010) . Being a late-type host, both the stellar mass and sSFR are entirely within the range expected for the hosts of sGRBs (Behroozi et al. 2014 ). Our constraints on the dynamical mass is also well accommodated by the expected sGRB host halo mass (Behroozi et al. 2014) .
The SFR is ∼1 order of magnitude higher than the typical SFR for sGRB host galaxies (Berger 2014) and more similar to the SFR found in the hosts of lGRBs at a corresponding redshift (Krühler et al. 2015) . Only two hosts in the sample of short GRBs compiled in Berger (2014) have a more vigorous star formation, meaning that it is in the very upper end of the star formation distribution. The cosmic SFR evolution of the universe likely plays a role due to the proximity of GRB 111117A to the peak of cosmic SFR (Madau & Dickinson 2014) . The high SFR is partly a selection effect, because a less star forming galaxy would exhibit weaker emission lines, thus making the redshift harder to determine. Additionally, it is natural to expect some evolution in the hosts of sGRBs with redshift as illustrated for N H in Sect. 3.2.
The detection of Lyα is consistent with the SED-inferred absence of dust, despite the moderate stellar age which would suggest the opposite. The centroid of the Lyα emission is found to be redshifted by ∼ 220 km s −1 with respect to systemic, which is similar to what is found for long GRB hosts ) where the outflow is attributed to star formation.
Implications for the redshift distribution of sGRBs
A single sGRB at high redshift does little in terms of constraining the redshift distribution of sGRBs. In particular, other sGRB hosts could be missed because they are intrinsically fainter and thus the high redshift of GRB 111117A is only measured due to the brightness of its host. Berger (2014) If we assume that we are able to obtain emission-line redshifts from hosts, 0.5 mags fainter (R < 24.5 mag; Krühler et al. 2012 ), then we would have missed 60 per cent of the redshifts (6 out of 10 hosts), due too the host being too faint, were they at the redshift of GRB 11117A. The corresponding number is around 45 per cent (12 out of 26) from the full sample of Berger (2014) , reflecting the lower mean L B /L B of the complete sample. Because the average SFR of galaxies hosting lGRBs is higher than for galaxies hosting sGRBs, the fraction of missed burst redshifts is likely higher although the cosmic SFR evolution could play a role in improving redshift determinability.
A fraction of the bursts missing redshift are host-less but appear to be spatially correlated with galaxies that are likely at moderate redshifts (Tunnicliffe et al. 2014 ), but should some of the remainder be at high redshift, the missed fraction will increase. If we assume that all the bursts that are missing redshifts are at high-z and missed due to host faintness, 10 out of 14 hosts in the complete sample (71 per cent) would be missed at z = 2.211. This serves as an upper limit on the fraction of missed burst redshifts at high-z. Conversely, if all bursts missing redshift are at low redshift and missed for other reasons, 6 out of 14 hosts (43 per cent) would be missed at z = 2.211. The two limits indicate that we would miss between 43 and 71 per cent of sGRB hosts at z ∼ 2 due to host faintness.
The theoretical redshift distribution of sGRBs depends on the type of delay-time function used to model the progenitor system. The likelihood preferred lognormal time delay models investigated by Wanderman & Piran (2015) predict a sGRB rate at z = 2.211, ∼ two orders of magnitude lower compared to the peak rate at z = 0.9. According to Wanderman & Piran (2015) , this preference depends critically on the absence of noncollapsar sGRBs at z 1.2. The higher determined redshift of GRB 111117A, and the likely number of additional high-z sGRB could change the preferred time delay models. The redshift of GRB 111117A, on the other hand, is close to the expected peak in sGRB rate calculated using the power law delay time models (Behroozi et al. 2014 , Wanderman & Piran 2015 , Ghirlanda et al. 2016 ), meaning we could be missing a large fraction of sGRBs.
Constraints on progenitor separation
At z = 2.211, the age of the universe is 3 Gyr. If the progenitor systems of sGRBs are the merger of two NSs, this sets a hard upper limit to the coalescence timescale for such a system. In the absence of other mechanisms, the timescale of the orbital decay of the system is set by the energy loss due to gravitational waves, which in turn is set by the mass of the constituent compact objects, the eccentricity of the orbit and the separation of the two (Postnov & Yungelson 2014 ). If we assume that the formation timescale of the first galaxies is short compared to the time since the Big Bang (Richard et al. 2011) , and if we assume a mass of 1.4 M for each of the NSs in a circular orbit at the time of system formation, this places a hard upper limit on the initial separation, of a 0 < 3.2 R .
In practice most NS-NS binaries will be eccentric at formation because of the SN natal kicks. For more eccentric orbits, the coalescence timescale decreases, leading to a decrease in the constraint on the initial separation and larger initial separation constraints. As noted by Postnov & Yungelson (2014) , it takes eccentricities > 0.6 to significantly shorten the merger time.
Using the inferred stellar population age from our SED fit, then we obtain a (softer) limit on the initial separation of a 0 < 2.1 R . However, this does not account for the possibility there could be an underlying stellar population of older stars from a previous star-formation epoch. To investigate the possible impact of the presence of an old stellar population, we followed Papovich et al. (2001) and re-fitted the observed SED with the best-fit template to which an additional stellar population of old stars was added. For each galaxy, this old population was set as the SPSs with same parameters that the best-fit SED excepts the age, which was set to the age of the Universe at the observed redshift. In principle, this can constrain the maximum contribution of old populations within the photometric error bars (see Papovich et al. 2001 , for details). We find a negligible contribution to the stellar mass (i.e. variations much smaller than the statistical uncertainty associated with the best-fit template). The delay time between formation and explosion is well accommodated by the models of Belczynski et al. (2006) , although the longest delay times are excluded. This is especially true given the late type nature of the host (O'Shaughnessy et al. 2008 ).
Conclusions
We have here provided a revised, spectroscopic redshift measurement for the short GRB 111117A based on host galaxy emission lines setting it at z = 2.211. This value supersedes the previous photometric redshift of Margutti et al. (2012) and Sakamoto et al. (2013) . The erroneous redshift estimate of previous authors is attributed to a discrepancy in the measured z-band magnitude, and highlights the importance of deep spectroscopic studies of sGRB hosts at medium resolution.
Using the new distance, the X-ray derived N H towards GRB 111117A is the highest within a complete sample of sGRB hosts and is consistent with the N H − z evolution traced by the hosts of lGRBs. The SFR of the host is in the upper end of the sGRB host SFR distribution and no significant amount of dust is present. The high N H is difficult to reconcile with the large projected host offset and the absence of dust. One possible explanation could be, that GRB 111117A is formed through a prompt channel of sGRB formation and originates in a star forming region located in the outskirts of the host.
Although a single burst carries little leverage in terms of constraining the redshift distribution of sGRB, the high redshift of GRB 111117A needs to be accommodated in progenitor models. A lognormal delay time model predicts a very low volumetric density of bursts at z = 2.211, whereas a power law delay time model peaks near GRB 111117A. If more sGRBs are at similarly high redshifts, but are missed due to the faintness of their hosts, a lognormal delay time model will be disfavored. Compared to a sample of sGRB hosts, GRB 111117A is more luminous than 80 per cent of a complete sample of sGRB hosts with measured luminosities. Assuming a host brightness redshift determination threshold, for between 43 and 71 per cent of sGRB hosts, we would be unable to determine a redshift should they be at a similar redshift as GRB 111117A. This could indicate that potentially, a significant fraction of sGRBs are at high z but missed due to host faintness.
Using the age of the universe at the time of explosion allows us to set constraints on the maximal separation between the engine constituents at the time of formation. We find that the maximal separation of two NSs at system formation time is a 0 < 3.2 R , which excludes some of the formation channels with the longest timescales.
All data, code and calculations related to the paper along with the paper itself are available at https://github.com/ jselsing/GRB111117A. 
